Key words: olive oil, low calorie diet, hyperlipidemia, serum lipids Serum lipid abnormality is a risk factor for cardiovascular disease. The aim of this research was to study the effect of olive oil with low--calorie diet on blood lipids in hyperlipidemic patients. The study was done on fi fty eight hyperlipidemic patients of both sexes and age range of 25-65 years. The patients received low-calorie diet based on 1400 kcal energy per day for 4 weeks, containing 32% fat, 18% protein and 50% carbohydrate. The intervention group received low-calorie diet including 30 g/d olive oil. Weight, body mass index, waist and hip circumferences were signifi cantly reduced (p<0.05) after 4 weeks in both groups. Treatment with olive oil was associated with a signifi cant reduction (p<0.05) in low density lipoprotein.
INTRODUCTION
Cardiovascular disease affects the heart and blood vessels. It is the leading cause of death and permanent disability [Olufadi & Byrne, 2006] . Serum lipid abnormalities are major risk factors for noncomunicable disease [Naghavi et al., 2007] . Olive oil is the main source of fat in the Mediterranean diet [Psaltopoulou et al., 2004] , may have health benefi ts, including the reduction of coronary heart disease risk Martinez-Gonzalez & Sanchez-Villegas, 2004] . Olive oil is known for its high levels of monounsaturated fatty acids (MUFA) and it is a good source of phytochemicals, such as polyphenolic compounds, squalene and α-tocopherol [Stark & Madar 2002; Fito et al., 2007; Cicerale et al., 2009] .
Jespersen et al. [2001] reviewed fi fteen studies on dietary olive oil. He observed the consumption of olive oil was associated with signifi cantly raised plasma concentration of low--density lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL). Rueda-Clausen et al. [2007] reported that dietary intervention with olive oil in comparison with alternative vegetable oils increased triacylglycerols (TAG). Although, in a recent study in obese subjects, a dietary treatment with olive oil indicated that LDL cholesterol and TAG were reduced [Perez-Guisado et al.. 2008] and in elderly subjects, olive oil consumption showed a reduction in serum total and LDL cholesterol [Haban et al., 2004; Salas Salvado et al., 2008] . Binkoski et al. [2005] reported that olive oil dietary intervention compared with sunfl ower oil was associated with * Corresponding author: Tel: +98281 3674477; Fax: +98281 3673229 E-mail: rzavoshy@yahoo.com, rzavoshy@qums.ac.ir (Roza Zavoshy, PhD)
no effect on total and LDL cholesterol and TAG. Results from different studies on the effect of olive oil consumption on lipid profi le are inconsistent and there are few data focusing on the effect of olive oil with a low-calorie diet on blood lipids in hyperlipidemic patients. Hence, the objective of this study was to investigate the effect of olive oil with low-calorie diet on blood lipids, TAG, TC (total cholesterol), LDL and HDL in hyperlipidemic patients. Healthy diet can be used instead of long-term medications with several side effects in hyperlipidemic patients.
MATERIAL AND METHODS

Subjects
This randomised clinical trial was conducted on hyperlipidemic patients. Fifty eight subjects (51 females and 7 males) participated in this study. They were randomly divided into treatment (n=29, 24 females and 5 males) and control (n=29, 27 females and 2 males) groups. The patients who were healthy in other respects were recruited from nutrition and diet therapy clinic in Qazvin. For the personal reasons, two subjects of the control group dropped out before the end of the study. The inclusion criteria required the age of 25-65 years. They had at least one of blood lipid indices including TC ≥200, HDL ≤40, LDL ≥130 and TAG ≥150 mg/dL. Exclusion criteria included pregnancy and lactation, smoking, steroid therapy, taking lipid--lowering drugs, hormones and a personal history of nephropathy, cardiovascular disease, diabetes or other chronic disease.
Protocol
All subjects received advice from a registered dietetian to follow a low-calorie diet (32% fat, 18% protein and 50% car- . The low-calorie diet including olive oil was well tolerated and accepted. Oral and written instructions for recording foods were given to all subjects by the clinical nutritionist. Seven-day food records were completed by subjects during the last week of the study. These records were reviewed by the clinical nutritionist for checking the diet compliance. Subjects' compliance was assessed by analysing the records using a computerised nutrient database (Dorosty Food Processor, version 2003, Shahid Beheshti University, Tehran, Iran), which is mainly based on the national food composition data. Blood samples were obtained after an overnight (12 hours) fasting period before the study and in the last day of the intervention period. Anthropometric indices and levels of serum TAG, TC, LDL and HDL were measured before and after the intervention. Serum total cholesterol and triacylglycerol concentrations were measured by commercially available enzymatic reagents (Pars Azmoon, Tehran, Iran) adapted to Selectra autoanalyser (Vital Scientifi c, Spankeren, Netherlands). HDL-cholesterol was measured after precipitation of the apolipoprotein B containing lipoproteins with phosphotungstic acid [Burstein et al., 1970] . Inter-and intraassay coeffi cients of variation were both less than 5% for all these measurements. All participants provided informed written consent. The protocol was approved by the Research Council and Ethical Committee of Qazvin University of Medical Sciences.
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Measurements
Body weight was measured while the subjects were minimally clothed, without shoes. Digital scales were used and recorded to the nearest 0.1 kg. Height was measured in a standing position, without shoes, using a tape meter while the shoulders were in a normal state. Waist circumference was measured to the nearest 0.1 cm at the narrowest level over light clothing, using an unscratched tape measure, without any pressure to body surface. During the study, participants were asked not to change their habitual physical activity levels.
Statistical analysis
Results are presented as mean±standard deviation. Statistical analysis was performed by descriptive statistics and using paired t-test, for change in each group, independent t-test for baseline and after intervention comparison in two groups, one sample t-test for decreasing of blood lipids (α=0.05).
RESULTS AND DISCUSSION
The mean age of subjects was 40.5±11.0 years and the average of body mass index (BMI) and waist-to-hip ratio (WHR) were 33.8±5.8 kg/m² and 0.96±0.07, respectively. There were no signifi cant differences in age, weight, height, waist, hip, BMI, WHR, TC, TAG, LDL, HDL, LDL/HDL and Chol/ HDL between the two groups (treatment and control) at the baseline (Table 1) . Weight, BMI, waist and hip circumferences were signifi cantly reduced (p<0.05) after 4 weeks in both groups (Table 2) .
There were no signifi cant differences at the beginning of dietary intervention (baseline) between plasma lipid concentrations. Olive oil with low-calorie diet intervention was associated with a signifi cant reduction in serum LDL (138.0±40.2 mg/dL versus 118.7±37.8 mg/dL, p <0.05). Intervention diet signifi cantly decreased TC and TAG compared with the baseline (229.7±42.5 mg/dL versus 197.4±40.4 mg/dL and 223.3±81.4 mg/dL versus 177.2±75.5, respectively, p <0.05) but compared with the control group, these changes were insignifi cant. No signifi cant change occurred in HDL, LDL/HDL and Chol/HDL. Lipid profi les before and after intervention, in both groups, are summarised in Table 2. In our previous studies, low calorie diet with soy protein intervention in hyperlipidemic type 2 diabetic patients [Noroozi et al., 2008] and in hyperlipidemic patients [Noroozi et al., 2011] , also dietary intervention with canola oil [Noroozi et al., 2009 ] as a part of healthy diet improved the lipid profi le. Moreover, benefi cial effects of hypocaloric diet [Tapozada et al., 2007] and soy protein [Ghanem, 2007] on blood lipids were reported.
In the current study the treatment with diet including olive oil for 4 weeks resulted in a signifi cant decrease in LDL cholesterol by 12.5%. However, an insignifi cant change occurred in other blood lipid parameters. Salas Salvado et al. [2008] reported that after consumption of 1 L/week of olive oil for one year in hyperlipidemic subjects, lower incidence of elevated TAG was seen. In another study with Mediterranean diet including olive oil as the principal source of fat for 12 weeks TC and TAG levels were reduced [Perez-Guisado et al., 2008] . Our results are not consistent with observations of Salas Salvado et al. [2008] and Perez-Guisado et al. [2008] , which at a higher amount of olive oil and longer study period resulted in a reduction of TC and TAG. BMI -body mass index; WHR -waist to hip ratio; TC -total cholesterol; TAG -triacylglycerides; LDL -low-density lipoprotein; HDL -high--density lipoprotein; SD -standard deviation.
Consistent with our result, consumption of 40 mL/day olive oil in mildly dyslipidemic patients after seven weeks intervention showed no effect on TC and HDL cholesterol [Rudd et al., 2005] . Also Binkoski et al. [2005] found no changes in TC after 4 weeks consumption of olive oil. HDL cholesterol remained unchanged after two weeks of dietary olive oil intake Covas [2007] observed that dietary treatment with olive oil resulted in a signifi cant reduction in serum LDL concentration. Atherosclerosis is the most common cause of coronary heart disease (CHD). The fi rst observable event in the process of atherosclerosis is the accumulation of plaque cholesterol from LDL in large and medium arteries [Rudd et al., 2005] . The effect of LDL reduction by olive oil consumption is benefi cial for CHD prevention [Covas, 2007] . A decrease of 1 mg/dL in LDL cholesterol results in about a 1% to 2% decrease in the risk factor for CHD [AHA, 2006] . Oxidized LDL appears to play an important role in atherogenesis [Lapointe et al., 2006] . Olive oil is rich in MUFA and oleic acid (C18:1), generates LDL particles which appear to be more resistant to oxidation [Gimeno et al., 2007] . The reduction of oxidative effect, thrombogenicity and the formation of plaque can explain the preventive effects of olive oil on atherosclerosis development [Cullinen et al., 2006] . In some intervention studies, three-day food record was used [Sodergren et al., 2001 ] to reach a more accurate estimation of energy and macronutrients intake, the subjects of this study were asked to record their foods for one week. Our study has limitations, such as the small number of participants, hyperlipidemic patients, who did not receive lipid-lowering drugs. Strengths of the study are that it reproduced real-life conditions with home-prepared foods for the diet, used supplemental foods that are commonly available and consumed by the public.
CONCLUSION
In conclusion, according to the results, we can mention that olive oil with low-calorie diet, as a part of healthy diet, lowered the LDL levels. This effect is benefi cial and may reduce the cardiovascular risk factor in patients with hyperlipidemia. Values are means ± standard deviation; TC -total cholesterol; TAG-triacylglycerides; LDL -low-density lipoprotein; HDL -high-density lipoprotein; BMI -body mass index WHR -waist to hip ratio; *p <0.05 (Paired t-test).
